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SUMMARY 
This report summarizes a two-year study of dairy cow 
grazing preference among seven perennial grasses at vari-
ous times during the growing season conducted at the Uni-
versity of Alaska's Matanuska Research Farm (6l.6°N) near 
Palmer in southcentral Alaska. Other factors documented 
were herbage yields, digestibility (in vitro dry-matter dis-
appearance =IVDMD), winterhardiness, and persistence of 
grasses. 
Grasses compared were three named cultivars released 
by this station: 'Polar' bromegrass (Bromus inermis Leyss. 
x B. pumpellianus Scribn.), 'Nugget' Kentucky bluegrass 
(Poa pratensis L.), and 'Arctared' red fescue (Festuca ruhra 
L.); 'Engmo' timothy (Phleumpratense L.) from northern 
Norway; 'Garrison' creeping foxtail (Alopecurus 
arundinaceus Poir.) selected in North Dakota; and two na-
tive Alaska grasses, Siberian wildrye (Elymus sihiricus L.) 
and arctic wheatgrass (Agropyron sericeum Hitchc.). 
o Monitored observations of grazing time from entry to 
paddocks until satiation showed marked differences in pref-
erences among grasses and a clear preference for Polar bro-
megrass during both years. 
o Second choices, with no clear superiority between 
them, were Engmo timothy and Nugget Kentucky bluegrass. 
o Least preferred of the seven grasses were Arctared red 
fescue, native Siberian wildryc, Garrison creeping foxtail, 
and native arctic wheatgrass. 
o Polar bromegrass produced good early spring growth 
in both years but when harvested on 3 June in both years 
( 18 to 24 in. tall) was very slow to begin vigorous regrowth, 
a previously known characteristic of smooth bromegrass. 
o Nugget Kentucky bluegrass and Arctared red fescue, 
unlike bromegrass, produced rapid and vigorous regrowth 
after early June harvest and produced highest total yields 
of herbage and best distribution of yields throughout the 
growing season. 
o There was little consistency in ranking for herbage di-
gestibility (IVDMD) among grasses at different grazing 
times. 
o One consistent pattern in digestibility comparisons was 
a general superiority of Engmo timothy over other grasses 
during the latter half of the growing season. 
o In sharp contrast to timothy, arctic wheatgrass herb-
age generally was lowest in digestibility after mid-season 
and that wheatgrass was very little grazed at any time. 
o In spring growth of 1974, before any harvests that in-
terrupted growth, the two native grasses, Siberian wildrye 
and arctic wheatgrass, surpassed all other grasses (except 
Arctared red fescue) in herbage production, averaging 1.76 
Tl A on 3 June and 2.33 T/ A on 12 June. 
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o Siberian wildryc and arctic whcatgrass, both extremely 
winterhardy when harvested twice per year in other stud-
ies, gave evidence in spring 1975 of severe winter injury 
where they had been cut three times (harvested after each 
two-day grazing session) in 1974. 
o After slow early growth in spring of 1975. Siberian 
wildrye and arctic whcatgrass recovered well to produce 
good growth after the early June grazing & herbage re-
moval; however, after a second grazing + harvest in late 
June (reps. I & III) or mid-July (reps. II & IV), those na-
tive grasses, not accustomed to harvest in the wild, recov-
ered slowly or not at all. 
o Engmo timothy, which should not have been injured 
by three harvests in 1974 because it has tolerated frequent 
harvest well in other studies, was the least winterhardy of 
all grasses as shown by injured stand and poor vigor of 
early growth in 1975. 
o There was little consistent relationship between suc-
culence of herbages and grazing preference. Although the 
preferred bromegrass and timothy often were among the 
most succulent, Kentucky bluegrass also was one of the 
three most-grazed grasses but often wasaighest in percent 
dry matter (was the least succulent) of the seven grasses. 
o From the initial growths of all grasses in the two years, 
the progressively later regrowths generally increased in per-
cent dry matter (decreased in succulence). 
o Succulence and digestibility of herbage were deter-
mined on whole-plant samples, but cows grazed only the 
upper, more leafy portions of plants; that discrepancy may 
be responsible, to an unknown extent, for the poor rela-
tionships between grazing preference and (a) succulence 
and (b) digestibility. 
o Although Nugget is a relatively short-growing, "dwarf' 
type of Kentucky bluegrass, and Polar bromegrass grows 
quite tall, the slow regrowth of bromegrass after early June 
harvest, contrasted with rapid regrowth of Nugget, suggests 
that usc of separate stands of the two, or a mixture of both 
grasses might be evaluated in an attempt to secure a more 
uniform supply of pasture herbage. Engmo timothy, too, 
could be added for its good grazing preference, high di-
gestibility, and tolerance of frequent harvests. 
o If these most-preferred grasses were to be combined 
into a mixture, the different growth types and behaviors 
would require further study to determine compatibility of 
species, desirable proportions, optimum management prac-
tices, and responses of individual species to different in-
tensities, types (pasture vs. green chop), and schedules and 
frequencies of utilization. 
INTRODUCTION 
Importance of Forages 
Forage crops, a category consisting predominantly of 
herbaceous grasses and legumes, are grown worldwide for 
consumption by livestock. About 100 species of grasses and 
legumes are grown for forage in this country, and more U.S. 
land is devoted to forages than to all other crops combined 
(Hodgson 1976a, 1976b). 
Forage crops are all characterized by a relatively high 
content of cellulose, hemicellulose, and lignin; as such they 
arc indigestible by humans. Forages assume their high state 
of importance in world agriculture because ruminant ani-
mals can digest them, and thus produce animal products 
(meat, milk and other dairy products, wool, hides, etc.) use-
ful to mankind. 
Wedin et al. (1975) note that forages supply 89% of the 
feed units consumed by sheep and goats, 73% by beef cattle, 
and 63% by dairy cattle (the balance supplied by concentrate 
feeds such as grains and high-protein supplements). Hodgson 
( 1976a) states: "Since forages provide more than half of the 
feed units for all livestock, and since about half of the food 
nutrients consumed by humans in the U.S. are of animal ori-
gin, one can conclude that from 25 to 30 percent of the food 
supply of the typical American is based on forage.'' 
Utilization of Forages 
The dairy cow serves as an efficient intermediary in con-
verting forages into milk and meat, products invaluable in 
human nutrition (Hodgson 1979). Lactating cows require 
high levels of intake of highly digestible forage to promote 
and sustain high levels of milk production (Buxton and 
Mertens 1995; Hodgson 1979; McCullough 1959). 
To provide a year-around supply of forage for livestock 
in temperate ant?subarctic regions, some forage growth must 
be harvested and preserved for winter feeding as hay, silage, 
or haylagc. 
During the growing season, dairymen have two options 
for utilizing green forage. It can be harvested with mecha-
nized equipment and fed immediately as "green chop'', with 
animals kept confined in the feeding area instead of having 
access to pastures. The other option is to pasture stock, with 
the animals themselves doing the harvesting in the field. This 
requires fencing but otherwise supplies feed at the lowest 
cost, requiring no machinery for harvest and less labor and 
expense than is required for the various mechanized harvest 
options (Bull 1995). 
Forages in Alaska 
Dairy cattle operations in Alaska, as elsewhere, are highly 
dependent upon a reliable, continuous, forage feed base. Both 
annuals and perennials arc utilized for forage production in 
this state. Perennial forages are desirable and superior to an-
nuals for soil protection, freedom from costs of annual till-
age practices and annual weed control, and they provide 
spring pasturage earlier than can be obtained from spring-
planted annuals. 
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Perennial legumes are much used in other world areas 
and are extremely valuable in pasture mixtures for their good 
palatability, high nutritional values, and for their symbiotic 
nitrogen-fixing capabilities (Archibald et al. 1943; Gcsshc 
and Walton 1981: Hodgson 1976a; Ivins 1952; Johnstone-
Wallace 1937; Smith et al. 1986). However, few perennial 
legumes are reliably wintcrhardy for use in this area 
(Klebesadel 1980, 1992a, 1993b, 1994c). Therefore, a single 
grass species or multi-species grass mixtures arc used al-
most exclusively as the perennial forage base. 
Moreover, very few perennial forage grass cultivars or 
strains adapted at more southern, mid-temperate areas of 
the world possess adequate winterhardiness for dependable 
use in this area (Klebesadel 1984, 1985, 1992a, 1993a, 1993b, 
1994c; Klebesadel and Helm 1986, 1992). Accordingly, 
Alaska's forage breeding program has sought to develop de-
pendably winterhardy, productive grasses adapted to climatic 
peculiarities of high latitudes (Hodgson et al. 1971 a. 1971 b, 
1978). 
Additionally, numerous inherently winterhardy native 
Alaskan grasses have been collected and evaluated for vari-
ous characteristics and uses including forage production 
(Klebesadel 1969a, 1992b, 1993a, 1993c, 1994b, 1994c; 
Mitchell 1982, 1987). 
In addition to such attributes as high levels of 
winterhardincss, herbage and seed production, digestibility, 
disease resistance, and other desirable nutritional and agro-
nomic characteristics, superior forage grasses also should 
be palatable to consuming livestock (Hodgson 1979; 
McCullough 1959). 
Palatability and Grazing Preference 
A dictionary definition of palatability is "pleasant to the 
taste, agreeable to the palate." Ivins (1952) quotes other 
researchers who define palatability as "the sum of the fac-
tors which operate to determine whether and to what degree 
the food is attractive to the animal", that it constitutes ''the 
connecting link between grass and the grazing animal'', and 
he notes that several investigators believe that palatability 
of herbage is of greater importance than nutritive value. 
Food preferences of different animal species differ greatly 
(Garner 1963). Except for laboratory investigations with 
small, caged mammals, most grazing-preference studies with 
herbage of various grasses and legumes have been conducted 
using cattle and sheep. This report and the references cited 
are confined for the most part to studies that involve cattle 
and grasses. 
Whether fed in preserved forms, or as green chop, or 
grazed directly in the field, forage must be of high quality 
and also palatable to ensure high levels of intake. Marten 
( 1970) compiled a comprehensive review of reports concern-
ing forage palatability, definitions of the concept proposed 
by various investigators, and factors that influence it. Other 
earlier reviews of investigations concerning palatability and/ 
or grazing preference have been presented by Garner ( 1963 ), 
Heady (1964), Ivins (1955) and Tribe (1950). 
A review of pertinent literature, as listed in the references 
of this bulletin, discloses that a considerable number of herb-
age characteristics and other factors have been identified or 
suspected of influencing palatability or grazing preference 
(either favorably or unfavorably) in livestock; these include: 
Appearance 
Taste 
Smell 
Touch 
Succulence 
Leafiness 
Breaking strength (toughness) 
Surface hairiness 
Surface moisture 
Other herbage available 
Time of Day 
Time of Year 
Weather conditions 
Soil conditions 
Rate of plant growth 
Breed of animal 
Previous dietary experience 
Physiological state of animal 
Protein content 
Sugars 
Carotene 
Crude fiber 
Nitrogen-free extract 
Phosphorus 
Potash 
Ash 
Mineral content 
Lignin 
Silica 
Stage of maturity 
Coumarin 
Tannins 
Plant strain or cultivar 
Mechanical texture 
Leaf scabrosity 
Fertilizer effects 
Summarizing the role of palatability in grassland agri-
culture, Ivins ( 1952) quotes others in that "palatability is rela-
tive and has a profound influence on the stability of a sward, 
an indirect influence on the seasonal and aggregate produc-
tivity and warrants consideration in relation to the consump-
tion of herbage and compilation of seed mixtures." How-
ever, the significance of palatability "cannot be separated 
from that of other factors such as inherent persistency, pro-
ductivity and seasonal growth which together determine the 
value of grass." 
Previous Grazing Studies in Alaska 
Brundage et al. (1963) and Brundage and Branton (1967) 
compared nonhardy grasses and grass-alfalfa combinations 
for annual forage production and for dairy-cattle grazing 
preference at this station. Dr. A. L. Brundage and colleagues 
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at this station also have published several reports on pasture 
studies using dairy stock grazing bromegrass or a bromegrass-
Siberian alfalfa mixture, with emphasis on pasture-manage-
ment systems (Brundage and Sweetman 1964, +others). There 
have been no experimental comparison studies in Alaska, how-
ever, to document dairy cow grazing preferences among 
winterhardy perennial grasses, either cultivated or native. 
Rotational pastures in Alaska generally are seeded with 
very simple mixtures (e.g., 2 to 3 species) or more often only 
one species, usually smooth bromegrass or timothy. There-
fore, selective grazing of differentially palatable species and 
the problem to regulating grazing intensity to maintain a 
balance among different forage species has been of little 
concern here. Those seeded pastures, however, frequently 
do contain varying amounts of the difficult-to-eradicate and 
generally ubiquitous quackgrass (Agropyron repens) and 
often some Kentucky bluegrass: both of those grasses toler-
ate close clipping or grazing, can make a valuable contribu-
tion to harvested forage or grazed pastures, and generally 
are of no concern in pasture management. 
Need For Grazing-Preference Information 
Alaska growers should be provided with credible experi-
mental evidence of comparative palatabili~ or grazing pref-
erences among adapted introduced and native grasses in sev-
eral different species that are known to be very winterhardy 
in Alaska's agricultural areas. This can assist in making pru-
dent choices for plantings that can serve best in providing 
palatable, nutritious pasture and harvested forage to promote 
high levels of intake for desired high milk production and 
top health and performance in Alaska herds. 
Johnstone-Wallace ( 1937), with experience in pasture 
composition and grazing management both in Great Britain 
and in northeastern U.S., summarized succinctly a wealth of 
observations and research on intensive pasture management 
as follows: " ... cattle show a preference for pasturage con-
sisting of short leafy herbage ... a dense sward with a height 
of about 4 inches appears to approach the ideal. The senses 
of sight, taste, and smell appear to be used in determining 
the herbage to be eaten. The leaf is preferred to the stem. 
Short young herbage low in fiber is eaten in preference to 
old, tall, stemmy, and highly fibrous herbage. Certain 
grasses ... are eaten in preference to others." 
The last sentence relates most direct) y to the present study; 
an awareness of which of several adapted, very productive 
grasses would be preferred by grazing stock can be deter-
mined only by observing cattle choices among several on 
simultaneous offer in controlled, "cafeteria-style'' experi-
mental studies. 
Alternative Herbages Available 
Several investigators (Heady 1964; Ivins 1955; Rogier 
1944) have noted that palatability or grazing preference of 
a given species is relative to alternative foods available. As 
an extreme example, a grass compared with several others 
that are more palatable could be rated low in palatability; 
conversely, if the same grass were compared with several 
that were less palatable, it would rank high in palatability or 
preference. Therefore, relative preference of a species or 
strain, in the present study and in others, should be recog-
nized in relation to the other choices that were available for 
the comparative determination. 
Grasses Included in This Study 
'Polar' bromegrass (predominantly Bromus inermis Leyss. 
x B. pumpellianus Scribn.), developed in Alaska, combines 
high levels of winterhardiness and herbage productivity 
(Hodgson et at. 1971 a; Klebesadel 1994a, 1994b, 1994c; 
Klebesadel and Helm 1992; Wilton et al. 1966). 
'Nugget' Kentucky bluegrass (Poa pratensis L.) and 
'Arctared' red fescue (Festuca rubra L.) also are Alaska cul-
tivars possessing superior turf characteristics, 
winterhardiness, and herbage production (Hanson 1972; 
Hodgson et al. 1971 b, 1978; Klebesadel 1984, 1985, 1992a, 
1992b. 1993a). 
Timothy (Phleum pratense L.) is a species much used for 
forage and pasture in cool-season areas of the world. 'Engmo' 
timothy from northern Norway proved in trials here to be 
among the most winterhardy of many timothy culti vars evalu-
ated from North America and Europe (Klebcsadel 1992a; 
1997b; Klebesadel and Helm 1986 ). However, despite its 
winterhardiness relative to other timothy cultivars, several 
studies at this location have shown it to be the least 
winterhardy of the seven grasses compared in this study 
(Klebesadel 1992b, 1993a, 1994b, J994c). 
'Garrison' creeping foxtail (Alopecurus arundinaceus 
Poir.), selected from naturalized stands of a Eurasian intro-
duction in North Dakota (Stroh et al. 1978), has shown very 
good winter survival in earlier forage trials here (Klebcsadel 
1994c; Mitchell 1982). 
Siberian wildrye (Elymus sibiricus L.) and Agropyron 
sericeum Hitc~., a high-latitude wheatgrass (hereinafter 
called arctic wheatgrass), are indigenous in Alaska (Hulten 
1968). Both have been extremely winterhardy in evaluation 
trials here and have produced good yields of forage and seed 
(Klebesadel 1969a, 1993c; Klebesadel and Helm 1992; 
Mitchell 1982). Seed of the latter two species used in this 
study each consisted of bulked Jots of several native Alaska 
collections selected for general desirability characteristics 
on the basis of limited experimental evaluations. 
Although Polar bromcgrass and Engmo timothy are rou-
tinely grown for forage here, neither of those, nor the other 
grasses listed above, have been evaluated for free-choice 
grazing preference by dairy stock in Alaska. 
Types of Grass Growth Influence Utilization 
Perennial grasses can be categorized in different ways 
according to their growth types, and those growth types are 
of significance for pasture and for other uses. One such 
classification refers to their behavior concerning lateral 
spreading growth. As illustrated in an earlier report 
(Klebesadel J994c), the extremes are (a) non-spreading 
types, referred to as "tufted" or "bunch grasses",. and (b) 
spreading types (via underground stems called rhizomes), 
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also called "sod-formers"; some (c) are intermediate be-
tween the two extreme types. Sod formers spread to fill in 
gaps in stands and are valuable as soil binders, a valuable 
attribute in protecting agricultural soils, but also useful in 
non-agricultural applications including revegetation and 
other soil conservation roles. 
Of the grasses used in this study, bromegrass, Kentucky 
bluegrass, and creeping foxtail are sod-formers, red fes-
cue is intermediate, and Siberian wildrye, arctic wheatgrass, 
and timothy are bunch type. A strange, rarely encountered 
anomaly has been noted, however, in Engmo timothy 
whereby a plant is found that produces short, horizontal, 
above-ground stems (stolons) that take root at the nodes. 
Another categorization of grasses is that of general stat-
ure and leaf position, with some denoted as tall-growing 
and others short-growing, referred to by Archibald et al. 
( 1943) as "top" grasses and 'bottom" grasses, respectively. 
"Top" grasses carry their leaves up the culms and arc "more 
suitable for hay" while "bottom" grasses have leaves more 
concentrated at the base of the plant and are "more suitable 
for grazing". 
By this classification, bromegrass, creeping foxtail, and 
the two native grasses are tall-growing or "top" grasses, 
while Kentucky bluegrass and red fescue arc short-grow-
ing or "bottom" grasses. North American timothy is a tall-
growing or top grass (Archibald et al. 1943 ). However, 
Engmo and some other far-north-European timothies are 
intermediate between the two extreme types; they are tall 
growing but have a greater profusion of basal leaves that 
make them more tolerant of grazing pressure or frequent 
harvest (Klebesadel 1997b, see esp. Figs. 20,22). 
Objectives of this study were to compare the aforemen-
tioned seven grasses for (a) relative grazing preference by 
dairy stock, (b) forage yields, (c) digestibility as measured 
by in vitro dry matter disappearance (IVDMD), (d) percent 
dry matter (succulence) of herbages, and (c) winterhardiness 
and persistence of stands. The study was conducted at the 
University of Alaska's Matanuska Research Farm (61.6oN) 
near Palmer in the Matanuska Valley of southcentral Alaska. 
EXPERIMENTAL PROCEDURE 
Seven perennial grasses were planted 20 June 1973 in 
broadcast-seeded paddocks in Knik silt loam (Typic 
Cryorthent). Pre-plant commercial fertilizer disked into the 
plowed seedbed supplied nitrogen (N), phosphorus (P,O), 
and potassium (Kp) at 32,128, and 64lb/acre, respecti~eiy. 
Individual paddocks measured 30 x I 00 feet; a randomized 
complete block experimental design was used with four rep-
lications. Seeding rates in pounds of pure live seed per acre 
were bromegrass 20. timothy 6. Kentucky bluegrass 40, red 
fescue 35. creeping foxtail 25, Siberian wildrye 20, and arc-
tic wheatgrass 20. 
On 8 October 1973 a 20-foot strip was harvested from a 
representative area within each paddock, using a sickle-
equipped plot mower and leaving about a 2-inch stubble. At 
this harvest and all future similar strip-harvests just prior to 
each grazing test in 1974 and 1975, a small bagged sample 
of herbage from each strip was dried to constant weight at 
140oF and the percent dry matter in those samples used to 
assess succulence of herbage and to calculate oven-dry yields 
of each grass available at each grazing session. An additional 
small bagged sample was dried to constant weight at 90°F, 
then ground finely for laboratory determinations of digest-
ibility as in vitro dry-matter disappearance (IVDMD). 
Except for the harvested 20-foot strips, all remaining 1973 
growth of grasses was left in place over winter to assist in 
holding insulating snow cover to ensure good winter sur-
vival of Engmo timothy, known from other studies to be the 
least winterhardy of the seven grasses. That dead growth was 
clipped and removed from the entire experimental area on 
29 April 1974. 
Commercial fertilizer supplying N, P,O,. and K,O at 126, 
96, and 48 lb/acre, respectively, was topdressed ~niformly 
over the entire experimental area on 30 April 1974 and 21 
April 1975 before grasses initiated spring growth. 
A mid-season topdressing supplying N at 80 lb/A was 
applied to replicates I and III on 6 June 1974 and to repli-
cates II and IV on 15 June 1974; in 1975 all four replicates 
• 
Figure 1. Agronomy foreman Dare[ Smith uses swather to clip grasses to short stubble on 5 June to remove uneaten 
h~rbage after ~+5 June 1975 grazing session. Grass in foreground is Siberian wildrye that recovered slowly in spring 
(Jf 1975 followmg three harvests in 1974. 
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received the application in 17 June. 
Grasses were grazed on a free-choice basis with four 
mature Holstein cows assigned at random to each of two 
replicates of the seven grasses (confined by relocatable elec-
tric fences) on two consecutive days at each grazing com-
parison. The animals were not fed prior to being driven to 
the experimental area shortly after 8:00 AM each grazing 
day. Grazing activity was recorded from an elevated van-
tage point using binoculars (see cover photo) at each five-
minute interval from the beginning of the grazing period until 
satiation, when cows were removed from the experimental 
area, usually about I 0:00 to I 0:30 AM each day. Each ob-
served cow grazing a specific grass was multiplied by five 
to calculate total "cow minutes" of grazing time. 
Within two days after each two-day grazing session, all 
gra~s growth on the two replicates that were grazed wa~ clipped 
and removed leaving about a three-inch stubble (Fig. I). 
Dates of harvest of 20-foot sample strips prior to grazing 
and dates of grazing during the two years were: 
I st 
Replicates I and III: 
sampled 3 June 
grazed 4+5 June 
Replicates II and IV: 
sampled 12 June 
grazed 13+14 June 
Replicates 1 and III: 
sampled 3 June 
grazed 4+5 June 
Replicates 11 and IV: 
sampled 10 June 
grazed 11+12 June 
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t< .. l't;~ ... t ... r ~ .. a :rn.: 
Polar bromegrass 
Engmo timothy 
Garrison cr. foxtail 
Nugget Ky. bluegrass 
Arctared red fescue 
Siberian wildrye 
Arctic wheatgrass 
"Replic,.hs ::Il" "'"' N: 
Polar bromegrass 
Engmo timothy 
Garrison cr. foxtail 
Nugget Ky. bluegrass 
Arctared red fescue 
Siberian wildrye 
Arctic wheatgrass 
2nd 
1974: 
26 June 
27+28 June 
31 July 
1+2 Aug 
1975: 
30 June 
1+2 July 
14 July 
15+16July 
3rd 
5 Aug 
6+7 Aug 
None 
4Aug 
5+6 Aug 
23 Sep 
25+26 Sep 
OVEN-DRY ToNS PER 
4th 
None 
None 
30 Sep 
2+3 Oct 
None 
RESULTS AND DISCUSSION 
Seeding-Year Herbage Yields 
No grazing was involved during the first year of grass 
growth. Seeding-year herbage yields and percent dry matter 
in herbage as sampled 8 October 1973 were as follows: 
Percent dry matter Oven-dry T/A 
Garrison creeping foxtail 14.9 1.37 
Polar bromegrass 
Arctared red fescue 
Siberian wildrye 
Nugget Ky. bluegrass 
26.3 
17.3 
27.7 
22.4 
1.01 
0.93 
0.74 
0.62 
Arctic wheatgrass 32.0 0.48 
Engmo timothy 25.0 0.45 
Precipitation during the year of grass establishment was 
below normal. Normal precipitation for April through Sep-
tember at the Matanuska Research Farm is I 0.17 inches; for 
that period in 1973 only 8.94 was received, a deficit of 1.23 
inches. That deficit probably lowered seeding-year yields 
of all grasses, and possibly timothy more than most. In years of 
above-normal precipitation, seeding-year yields of timothy can 
surpass those of bromegrass (Klebesadel 1994b ); however, 
in years of severe moisture deficit timothy yields usually are 
much lower than bromegrass (Klebesadel 1994c). 
Precipitation from April through September in 1974 was 3.56 
inches below normal and, in 1975, 1.12 inches above normal. 
Herbage Yields, Winterhardiness, and 
Persistence of Grasses 
The amount of herbage available to stock at each grazing 
session was determined from the representative sample strip 
harvested from each paddock just prior to entry of cows 
(Fig.2). All grasses survived the first winter with vigorous 
growth in spring of 1974, and Arctared red fescue, Siberian 
wildrye, and arctic wheatgrass were especially productive 
in the first harvests on 3 June (replicates I and Ill) and on 12 
June (replicates II and IV) (Fig.2). All but Engmo timothy, 
Re.l'lica+es :t ,..;; m: 
Polar bromegrass 
Engmo timothy 
Garrison cr. foxtail 
Nugget Ky. bluegrass 
Arctared red fescue 
Siberian wildrye 
Arctic wheatgrass 
Re.plic.ah£ ::Il"a•J Ill: 
Polar bromegrass 
Engmo timothy 
Garrison cr. foxtail 
Nugget Ky. bluegrass 
Arctared red fescue 
Siberian wildrye 
Arctic wheatgrass 
OVEN-DRY TONS 'PE.R AcRE. 
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Figure 2. Amounts of herbage available to cows as determined from sample strips mowed from paddocks just before each 
two-dav grazing session during the two years. Sampling dates are shown above the top bar in each graphed group. 
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Table I. Development notes for the seven grasses as recorded just prior to each grazing session during the two ~ears. 
Sampling Polar Engmo Garrison Nugget Arc tared Siberian Arctic 
dates bromcgrass timothy cr. foxtail Ky. bluegrass red fescue wild rye wheatgrass 
------ 1974--
Replicates I and III: 
3 June: 
Height' 22-24 16-18 20-22 8-10 14-16 16-18 20-22 
Develop Very early Mid-boot to Late boot to Early to Early Pre-boot Very early 
boot stage very early early heading mid heading heading stage boot stage 
heading 
26 June: 
lleight 6--8 10-12 12-14 6-8 10-12 6-8 6--8 
Develop. Stand thin 
5 Aug: 
Height 22-24 18-20 16-18 8-10 10-12 18-20 14-16 
Develop. Few heads. Early anthesis Vegetative Vegetative Vegetative Late boot to Many heads 
pre-an thesis ( l-4 hds/ft') early heading ( l 0-15 hdslft2 ) 
(l-4 hds/ft') 
Replicates II and IV: 
12 June: 
Height 36-38 24-26 24-26 12-14 20-22 24-26 24-26 
Develop. Late boot Late boot to Fully headed. Fully headed, Fully headed. Early boot Fully headed. 
to early fully headed mid-anthesis pre-an thesis pre-anthesis stage pre-anthesis 
heading 
31 July: 
Height 28-30 14-16 24-26 12-14 16-18 18-20 18-20 
Develop. Very few heads, Early anthesis Headed, in No heads No heads Late boot to Many heads, 
pre-anthesis (2--6 hds/ft') an thesis early heading pre-anthesis 
---------------- 1975------------.----
Replicates I and ill: 
3 June: 
Height 18-20 6-8 18-20 6--8 10-12 8-10 10-12 
Develop. Early to Winter- Mid-boot to Pre-to-early Pre-to-early Vegetative Vegetative 
mid-boot stage injured very early boot stage boot stage 
head stage 
30 June: 
Height 8-10 16-18 14-16 7-9 12-14 18-20 18-20 
Develop. Fully headed Late boot to :slo heads Late hoot to Fully headed. Mid-to-late boot Near fully headed, 
hut very few fully headed, fully headed pre-anthesis to very early pre-an thesis 
heads (10--15 hds/ft') (5-10 hds/ft2 ) (0-l hdlft2 ) heading (8-10 hds/ft2) 
(0-l hdlft2 ) 
4Aug: 
Height 24-28 16-18 16-18 8-10 12-14 4-8 4-8 
Develop. Late boot to Very early No heads No heads No heads Very sparse Very sparse 
early head, an thesis growth growth 
few heads (2-4 hds/ft') 
30 Sep: 
Height 3-5 5-6 7-9 6--7 6--7 3-6 4-6 
Develop. No heads No heads No heads No heads No heads Very sparse Very sparse 
growth growth 
Replicates II and IV: 
10 June: 
Height 25-28 12-14 22-24 8-10 12-14 14-18 16-18 
Develop. Late boot to Winter-injured, Late boot to Mid-to-late Late boot to No heading Very leafy, no 
very early no heading yet early heading boot stage early heading yet heading yet 
heading stage, very leafy 
14 July: 
Height 17-19 18-20 12-14 6-8 12-14 14-16 16-20 
Develop. No heads Pre-an thesis :slo heads No heads No heads Early heading, Late boot to 
(15-20 hdsift') pre-an thesis early heading stage 
(2-5 hds/ft2 ) ( l 0--20 hds/ft'l 
23 Sep: 
Height 14-18 10-14 14-16 8-10 8-12 8-12 6--10 
Develop. No heads A few heads, No heads No heads No heads Very thin Very thin 
early anthesis stand stand 
'Height of topmost leaves in inches: height of heads usually somewhat taller. 
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Siberian wildrye, and arctic wheatgrass showed good sur-
vival after the second winter. 
Perennial grasses grow very rapidly during the month of 
June in this area (Klebesadel 1992b, 1994a, 1997a, 1997b ). 
Tall-growing grasses, especially bromegrass and timothy, 
may regrow quite slowly if that June growth is interrupted 
by harvest or grazing in early-to-mid-June that removes 
most of the growing points hidden within'the culms. 
This uneven production of herbage, especially by bro-
megrass, is seen in the very low second-cutting yields on 26 
June 1974 and 30 June 1975 after first cuttings on 3 June in 
both years (Fig.2); similar patterns of slow recovery in re-
sponse to interrupted early growth have been noted in ear-
lier reports (Kiebesadel 1992b, 1994a, 1997 a, 1997b; 
Matches and Burns 1995; Smith et al. 1986). Brundage and 
Branton ( 1967) and Brundage and Sweetman ( 1964) noted 
that the very uneven distribution of herbage production of 
such tall-growing perennials (i.e., overabundance followed 
by slow recovery growth, when a constant supply of pasture 
is needed) makes their efficient use for pasturage difficult. 
Nugget bluegrass and Arctared red fescue not only tended 
to be highest in total yields in both years but also provided 
the most uniform production, regrowing more rapidly than 
the taller-growing grasses following harvests in early June 
(Fig.2). The superior total forage production with uniformly 
good regrowth throughout the growing season of subarctic-
adapted Kentucky blue grasses and red fescues compared with 
many other grasses and legumes has been noted in other stud-
ies (Klebesadel 1992b, 1994c). 
As noted earlier (Klebesadel 1992b) the good season-
long production of Kentucky bluegrass in this subarctic area 
is quite different from the poor mid-season productivity of 
this species at more southern latitudes (Smith et al. 1986). 
As stated by Rohweder and Albrecht (1995) in Wisconsin, 
"Full season gr!ing plants are nonexistent in climates with 
hot summers." There the greater heat and often drouthy 
conditions during mid-summer generally induce non-produc-
tive summer dormancy; more active growth then resumes there 
with onset of cooler late-summer and autumn temperatures. 
Total yields of grasses in 1974 ranged from 2.21 T/ A 
for Garrison creeping foxtail to 3.79 T/A for Arctared red 
fescue. Yields of the two native grasses in 1974 were good, 
averaging 3.13 T/A while the five named cultivars aver-
aged 2.96 T/A. 
However, the two native grasses averaged only 1.43 
T/A in 1975 while the five cultivated grasses averaged 
2.85 T/A. The native grasses historically have not under-
gone selection for tolerance to harvest, and it is seen that 
they were less productive in 1975 where they had been 
harvested three times in 1974 (replicates I and Ill) than 
where they had been harvested only twice (replicates II 
and IV) (see Fig.2). In another study at this station, arc-
tic wheatgrass was less vigorous and relatively unpro-
ductive in spring where it had been harvested three times 
during the prior year than where it had been harvested 
only twice (Klebesadel 1994b). 
Availability of Herbage 
Several investigators have recognized that an ample sup-
ply of each strain or species compared must be available for 
a realistic and credible ranking when different herbages are 
evaluated during free-choice grazing trials (Hardison eta/. 
1954; Fontenot and Blaser 1965; McCullough 1959; Spring-
field and Reynolds 1951 ). 
That consideration was not an issue in the present study 
owing to the large-sized paddocks and with few animals graz-
ing. All grasses compared were present with good stands and 
growth at each grazing session; the only instances of modest 
availability of herbage were the slow recovery in replicates I 
and III of winter-injured timothy, Siberian wildrye, and arc-
tic wheat grass at the first grazing in 1975 ( 4+5 June), and 
the very thinned stands of the two native grasses that re-
grew poorly after the third harvest in 1975 (Table I, Fig.2). 
In summary, herbage of all grasses was generally adequate for 
legitimate grazing comparisons at virtually all grazing sessions. 
Comparative Grazing Preferences 
Very marked differences were noted in the grazing pref-
erences shown for the seven grasses (Fig.3). Those prefer-
ences were generally similar in both years and, except for 
some relatively minor discrepancies, were quite similar at 
the different grazing times during the two growing seasons. 
In broad overview, the three grasses most avidly consumed 
were Polar bromegrass, followed by Engmo timothy and 
Nugget Kentucky bluegrass. The least preferred were Garri-
son creeping foxtail and arctic wheatgrass. Only slightly more 
grazed than the latter two, and only at certain of the times 
offered, were Arctared red fescue and Siberian wildrye. 
10 
Polar bromegrass: Polar was selected to a considerable 
extent over all other grasses in total time grazed in both years; 
it was especially favored by a wide margin over all other 
grasses during the 13+ 14 June and the 6+ 7 August sessions 
in 1974 (Fig. 3). In contrast, it was surpassed somewhat at 
the late grazing (2+3 Oct 1975) by timothy and Kentucky 
bluegrass; however, at that time the bromegrass regrowth 
was quite minimal (3- to 5-inch height) with timothy and 
Kentucky bluegrass showing somewhat more and taller 
growth (Table I, Fig.2). The poor utilization of bromegrass 
by cattle late in the year also agrees, however, with earlier 
observations by dairy specialists Dr. A.L. Brundage and W.J. 
Sweetman at this station. 1 
Other investigators also have found smooth bromegrass 
among the most preferred grasses in free-choice grazing tri-
als elsewhere (Gesshe and Walton 1981: Hurd and Pearse 
1944; Marten and Danker 1968; Rogier 1944; Springfield 
and Reynolds 1951; Wilkins and Hughes 1932). 
Engmo timothy: The total time cows grazed timothy was 
roughly one-half that for bromegrass in both years (Fig.3). 
A curious and noteworthy facet of timothy utilization is the 
very considerable attention given it on 4+5 June 1974 (in 
replicates I and III) when it was 22 to 24 inches tall and in 
very early boot stage (Table I), and the very minimal graz-
ing time it received shortly thereafter on 13+ 14 June 1974 
'Personal communication 
(in replicates II and IV) when the grass was 36 to 38 inches 
tall and in late-boot to early-heading stage. 
Brundage and Branton (1967) noted a similar avid 
consumption of common (annual) ryegrass (Lolium 
multijlorum) by dairy stock at early-heading stage, followed 
by a marked rejection a short time later in favor of the other 
alternative, orchardgrass-alfalfa, when the ryegrass was past 
anthesis and had become a more stemmy and rank herbage. 
In the present study, grazing time on timothy surpassed 
all others and equaled that of bromegrass on I +2 August 
1974 (Fig.3) when it was 14 to 16 inches tall and in early 
anthesis but with only a modest amount of heading (Table 
I). Engmo was as much grazed as bromegrass and Kentucky 
bluegrass at the late dates (25+26 Sep and 2+3 Oct) in 1975, 
and more than bromegrass in early October. 
Brundage et al. (1963) compared a nonhardy strain of 
timothy with other perennial grasses that are nonhardy here 
(orchardgrass, tall oatgrass) and annual ryegrass, each grown 
alone and each grown with a nonhardy, southern-adapted 
alfalfa, for grazing preference as annual pasture by dairy stock 
at this station. Timothy ranked near average among the eight 
species or combinations offered on six different grazing ses-
sions in two years, better by itself than with alfalfa, and was 
among the most preferred grazing options late in the season 
(September) as was found in the present study. 
Timothy often has ranked among the preferred species in 
free--choice, grazing-preference studies with cattle elsewhere 
(Archibald et al. 1943; Beaumont eta!. 1933; Cowlishaw 
and Alder 1960; Gomm 1969; Ivins 1952; Wilkins and 
Hughes 1932). 
Nugget Kentucky bluegrass: Though only about half 
as much grazed as Polar brome, Nugget was approximately 
equal in total time grazed to Engmo timothy, slightly less in 
1974 and slightly more in 1975 (Fig.3). Nugget was grazed 
appreciably in all of the 12 grazing sessions in the two years. 
In broadcast-seeded stands Nugget produces an amaz-
ingly high density of seed heads in the first year following 
the year of planting, as seen in this study in 1974 and as 
reported earlier (Klebesadel 1984 ). In contrast, broadcast 
stands produce relatively few heads in subsequent years, as 
noted also in this study in spring of 1975. In spring of 1974, 
cow grazing time was considerably less on 4+5 June (repli-
cates I and III), when Nugget was just beginning to head, 
and on 13+ 14 June (replicates II and IV) when the grass was 
fully and profusely headed (Table 1, Fig.3), than with either 
of the August grazings when no heads were present. 
Other investigators who found Kentucky bluegrass to be 
intermediate in grazing preference among a jtllmber of grasses 
include Springfield and Reynolds (1951) and Wilkins and 
Hughes ( 1932). Beaumont et al. (1933) cite some studies 
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Figure 3. "Cow minutes" of grazing time on the seven grasses as recorded for each 2-day grazing session during 
the two years. Dates of grazing are shown in top bar in each graph group. 
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that ranked this species high in grazing preference while oth-
ers ranked it low. Archibald et al. ( 1943) reported it second 
from last among seven grasses. 
Arctared red fescue: Except for being grazed for a fair 
amount of time on 6+ 7 August 1974, and for a somewhat 
lesser time on 5+6 August and 2+3 October in 1975, red 
fescue was grazed very little during the other nine grazing 
sessions (Fig.3). This poor acceptance of red fescue was per-
plexing because from physical appearance (to humans) it 
appeared ideal for grazing with visually attractive, abundant 
leafiness with few seed heads (after the initial abundant head-
ing in June of 1974); this would lead one to suspect its rejec-
tion could be related to odor or taste. 
Other reports present conflicting results on the relative 
grazing preference of red fescue. Dubbs ( 1960), comparing 
17 grasses under dryland conditions in central Montana, re-
ported that red fescue ranked with smooth bromegrass and 
timothy among the five most-grazed grasses. 
Elliott and Baenziger ( 1973) in Canada stated that red fes-
cue is "extremely palatable in all seasons" and reported its use 
in mixtures for both dryland and irrigated pastures. In con-
trast, Hanson ( 1972) referred to it as "not highly palatable". 
l1974l 36 !6 w • (!J w ~ (!J ~ w ::>:: w ~ 
:I: . % -% 29 - r:.: 28 w r:.: 
w ~ ~ ..- ..- ... .... ..- >-..- ..- r:.: >- ..- Cl a: X 
Wilkins and Hughes (1932) in Iowa compared four of the 
grasses included in the present study in a grazing-prefer-
ence study and reported a ranking of those four identical to 
the present results with smooth bromegrass preferred, fol-
lowed in order by timothy, Kentucky bluegrass, and red fes-
cue. Similarly, Beaumont et al. ( 1933 ), comparing eight 
grasses for grazing preference by milk cows, found that timo-
thy ranked first but red fescue was ''grazed very slightly" 
and ranked second to last. Cowlishaw and Alder ( 1960) in 
England also reported that red fescue ranked very low in 
grazing preference among several grasses. 
It was noted earlier (Klebesadel 1993a) that several horses, 
having equal access to stands of timothy, smooth bromegrass, 
annual ryegrass, Kentucky bluegrass, and red fescue in an 
unplanned incident late in one growing season, grazed five 
different strains of red fescue avidly to the virtual exclusion 
of all other grasses. 
Garrison creeping foxtail: This grass was virtu-
ally ungrazed during all sessions in both years (Fig.3). 
These results are somewhat surprising in view of the 
claim of Stroh et al. ( 1978) that Garrison was "excel-
lent" in palatability. They reported that in two North 
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Dakota trials Garrison was preferred by Holstein and 
Hereford cattle over smooth bromegrass, reed 
canarygrass, and tall oatgrass. Hanson ( 1972) reported 
that Garrison produces "high-quality forage" but did 
not comment on its usc for pasture or grazing charac-
teristics. 
Siberian wildrye: This native Alaska grass was grazed 
to a limited extent on three of the 12 sessions; 27+28 June 
and 6+ 7 August in 1974, and I +2 July in 1975 (Fig.3). Be-
yond those, the grass attracted very little grazing attention. 
Gomm ( 1969) in Montana reported that Siberian wildrye 
was not consumed early by cattle grazing 127 species of 
grasses but was included in a group of "secondarily palat-
able" grasses that were" .... well utilized after the most pal-
atable forage was removed ... " 
Arctic wheatgrass: Very little grazing time was re-
corded for this grass at any of the I 2 grazing sessions. The 
harvest schedules used with replicates I and III in 1974 re-
sulted in very slow growth in spring of 1975 for arctic 
wheatgrass and Siberian wildryc and later, very thinned 
stands during the latter portion of the 1975 growing sea-
son; however, those two native grasses were grazed very 
little even when they offered an abundance of leafy herb-
age earlier in the study. 
Previous Dietary History 
Several investigators who have studied animal grazing 
preferences have concluded that previous dietary history in-
fluences grazing choice. Cowlishaw and Alder (1960) cite 
four factors that affect grazing habits of a ruminant animal, 
"previous (dietary) history" being one. (Others are palatability 
of herbage, physiological state of animal, and environment 
of the herbage). Rogier (1944) stated: "cattle may tend to 
graze more readily species they have previously eaten ... " 
Provenza and Balph ( 1988) discuss this matter at length, 
contending that" .. dietary habits of livestock are shaped largely 
by the foraging environment where the animals arc reared." 
Launchbaugh and Provenza (1991) stated: "A diet selec-
tion system based on learning and memory would include the 
following elements: ( 1) mother as a social model, (2) cautious 
sampling of novel foods, and (3) the formation of food prefer-
ences and aversions based on gastrointestinal consequences." 
Item (2) of the foregoing statement could rationalize to 
some extent the very tentative and minimal grazing in the 
present study of the two native grasses and creeping foxtail, 
species that were available to the animals for the first time. 
Item (3) would suggest that the preferential consumption of 
bromegrass, timothy, and Kentucky bluegrass was related to 
the grazing animals' accustomed diet and previous pastur-
age, and thus could be based on familiarity and previous 
satisfactory "gastrointestinal" result. 
Much of the preserved silage and hay consumed by the 
station herd consists of bromegrass; that species with Ken-
tucky bluegrass, timothy, and quackgrass, the latter a fre-
quent volunteer in area croplands, are the principal compo-
nents of pastures at this station. 
Percent Dry Matter in Herbage 
Among several characteristics of herbage reported as fa-
vorably influencing palatability or grazing preference is high 
succulence (low percent dry matter) of the plant material. 
Springfield and Reynolds ( 1951 ), comparing eight grasses 
in Arizona, found a positive relation between succulence and 
grazing preference; they noted also that cattle grazed less 
discriminantly when mature grasses were wet from rain or 
heavy dew. Archibald et a!. ( 1943) in Massachusetts also 
reported grazing preference for succulence among seven 
grasses. Marten ( 1970) cited others with similar results, and 
noted also that succulence generally decreases in herbage 
with advancing maturity, and that fertilization with nitrogen 
can increase succulence (decrease percent dry matter) of 
grasses (see also Klebesadel 1994b, p.l5). 
In the present study, timothy and bromegrass, two of the 
three grasses most grazed, often (but not consistently) were 
among the grasses lowest in percent dry matter (highest in 
succulence) (Fig.4 ). In contrast, Kentucky bluegrass, the other 
preferred species, usually was among those least succulent 
(highest in percent dry matter). 
At progressively later rcgrowths during both years the per-
cents dry matter of herbages generally incrcatfd (Fig.4 ). Herb-
ages in early June were generally most succulent, ranging 
mostly between 14% and 20% dry matter. The greatest range 
among species was seen for 23 September 1975 with Engmo 
timothy at 20% dry matter and arctic wheatgrass at 36.6%. 
Digestibility (IVDMD) 
Opinions of investigators differ on the relationship of 
herbage digestibility to grazing preference (Marten 1970). 
Fontenot and Blaser ( 1965) concluded that animals usually 
selectively graze herbage that is higher in digestibility than 
other material available. In contrast, Buckner eta!. ( 1967) 
found a negative association between digestibility and pal-
atability with certain grasses. 
In the present study, an herbage digestibility/grazing pref-
erence relationship was not consistent. The best association 
was with Engmo timothy. Engmo, one of the preferred herb-
ages, often surpassed all other grasses in digestibility, espe-
cially at (but not limited to) grazing sessions from late July 
to late October (Fig.5). Engmo also was highest in digest-
ibility at both June samplings in 1974; however, although 
grazed well on 4+5 June it was little grazed on 13+14 June. 
The generally high levels of digestibility determined for 
Engmo timothy herbage agree with other reports for the same 
grass at this station (Klcbesadcl 1994b; Mitchell 1987). 
Polar brome, the most grazed grass, was often intermedi-
ate in digestibility. 
The poorest association was evident with Nugget Ken-
tucky bluegrass; although one of the three most grazed grasses 
it was usually intermediate to low (often lowest) in digest-
ibility (Fig. 5). 
Siberian wildrye and arctic wheatgrass generally ranked 
high in digestibility in early June of 1975, yet were little 
grazed. The very low digestibility values for arctic wheat-
grass for late July and later agree with an earlier report 
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wherein digestibility of arctic wheatgrass in second growth 
of the season was lowest of seven grasses (Klebesadel 1994b ). 
Percent IV~D in the present study ranged from 54% to 
80% in 1974 and from 52% to 76% in 1975. In general there 
was little consistency in the ranking of grasses throughout 
the two growing seasons (Fig. 5). In summary, digestibility 
of whole-plant herbage did not relate well with grazing pref-
erences in this study. 
Mitchell (1987) at this station compared nine grasses for 
several herbage-quality characteristics; he reported that timo-
thy and smooth bromegrass often were highest in digestibility 
(IVDMD) and two of the native grasses tended to be lowest. 
Analyses of Whole Plants Versus Grazed 
Portions 
Hardison et al. (1954) recognized that detenninations of 
characteristics for entire plants logically should not be expected 
to bear a close relationship to characteristics of only the upper 
(mostly leaves) portions of plants usually grazed. They found 
that grazed herbage (upper, more leafy portion) was more 
digestible and considerably higher in crude protein, ether 
extract, and ash, and lower in crude fiber, than whole plants. 
Thus, the poor agreement found in the present study between 
digestibility of whole plants harvested to a short stubble in the 
mowed strips and grazing preference (for uppermost portions 
of herbage) perhaps should not be surprising. 
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In further support of that contention, Fontenot and Blaser 
( 1965) reported that dry-matter digestibility was consistently 
higher for the top half of plants than for the bottom half, and 
milk production was higher for cows grazing the top half of 
pasture herbage than for those that subsequently grazed the 
lower portions of plants. 
Pritchard eta/. ( 1963) showed that different plant parts 
differ in digestibility and that they change at different rates 
during the growing season. Kilcher and Troelsen ( 1973) re-
ported bromegrass leaves higher in crude protein, digest-
ible energy, and gross energy, and lower in lignin than stems. 
Hardison et al. ( 1954) refer to analyses of "hand-plucked 
herbage samples" as providing a better estimation of char-
acteristics of herbage actually consumed. Such plucked 
samples can be obtained from wire pasture-<:age exclosures 
put in place before grazing and opened for sampling after 
the surrounding area is grazed. Hand harvest from the pro-
tected, caged growth is then done to an extent that simulates 
the amounts and extents grazed by the animals. 
Fertilizer Effects 
All grasses in this study received identical, adequate fer-
tilizer treatment; thus no grazing-preference differences are 
attributable to fertilizer effects. However, several references 
discuss this subject and certain previously unreported in-
stances of fertilizer/grazing relationships have been noted 
in Alaska; therefore a brief discussion of this subject-matter 
area is merited. 
Many published reports arc in agreement that fertiliza-
tion enhances grazing preference, and Marten ( 1970) sum-
marized many of those study results. Some showed simply 
that fertilization enhanced grazing preference over unfertil-
ized forages. 
Numerous reports noted increa~ed palatability of grasses 
as a result of nitrogen fertilization alone (unless rates were 
excessive); some deduced that the enhanced palatability might 
be due to increased growth, more succulence, more desirable 
chemical composition, or a combination of those factors. 
Other reports cited by Jones ( 1952) and Marten ( 1970) found 
enhanced palatability with phosphorus fertilization. Koblet 
( 1950) in Switzerland reported that application of phosphorous 
and lime to alpine pastures improved phosphorus content of 
herbage, those areas were preferred by freely moving cattle, 
and that grazing preference persisted over several years. 
A similar effect was noted some years ago at the Univer-
sity of Alaska College Research Farm near Fairbanks. Dr. 
W.M. Laughlin and then station superintendent S.H. Restad 
fertilized a large upland bromegrass pasture with nitrogen, 
then added phosphorus fertilizer to a portion of it. When the 
station dairy herd was given access to the entire fertilized area, 
cows displayed a marked preference for grazing in the area 
that had received phosphorus in addition to the nitrogen. 2 
Dr. Laughlin also related a similar observation concerning 
a fertilizer--comparison experiment on a Matanuska Valley 
lowland meadow of mixed native vegetation including 
grasses and forbs but dominated by native sedges. After some 
dairy bulls inadvertently had broken into the experimental area, 
it was noted that their grazing had been confined almost en-
tirely to plots that had been fertilized with phosphorus.2 
Species Versus Intraspecific Differences 
Many investigations on palatability or grazing preference 
among different grasses refer only to the species, reporting, 
for example, "timothy was grazed more than orchardgrass." 
There has arisen, however, an awareness that different 
cultivars (named varieties), strains, or selections within a 
species can differ in grazing preference. Marten (1970) lists 
a number of reports that have found such differences within 
a considerable number of grass and legume species. 
Thus, it may be well to identify cultivars or strains used 
in grazing-preference studies, as has been done with five of 
seven grasses compared in this study. 
Applications of These Findings 
These results indicate that dairymen in Alaska have three 
well adapted, very winterhardy, nutritious, palatable, and 
highly productive (with adequate fertilizer nutrients and pre-
cipitation or supplemental irrigation) grasses for pasture use. 
Each, however, has a minor shortcoming that tends to pre-
clude its utilization as best for "all" purposes. 
Engmo timothy winterhardiness is the one exception to 
the above description of these grasses. Engmo is markedly 
more winterhardy than any North American timothies, and 
'Personal communication 
equivalent in hardiness to other very wintcrhardy timothies 
of northern Europe (Klcbesadel 1997b ), but can be winter-
injured (as during the 1974-75 winter of this study) or killed 
by occasionally very stressful winters (Klebcsadel 1992b, 
1994b, 1994c, 1997b ). 
For its virtues, Engmo, as shown in this study and in other 
earlier reports (Klebesadel 1994b; Mitchell 1987), is unsur-
passed in digestiblity among northern-adapted perennial 
grasses evaluated in Alaska. Its good grazing preference and 
tolerance of frequent utilization thus qualify it well for pas-
ture or green--chop purposes. 
Nugget, selected for turf use, is considered by stature to 
be a "dwarf" form of Kentucky bluegrass. As such, its pre-
dominance of basal leaves suits it well for pasture use also, 
but not for harvest as a hay crop, as is occasionally done 
when cropland pasture growth exceeds grazing needs. The 
yields reported here are for harvest using a small-plot mower 
that left a somewhat shorter stubble than would be left by 
farm-scale equipment. 
Smooth bromegrass, the most-grazed of the seven grasses 
in this study, is not a totally ideal pasture grass. It is known 
from earlier studies (Klebcsadel 1994a, 1997a) that smooth 
bromegrass in Alaska is ideally utilized w.Vh no more than 
two defoliations (cuttings) per year as would be done in har-
vest for hay, silage, or haylage, the first cutting in late June 
or early July and the second in late August or early Septem-
ber. Repeated moderate to heavy pasturings throughout the 
growing season logically would lower food-reserve levels 
within plants, leading to poor winter survival and persistence. 
In contrast to bromegrass, studies at this location 
(Klebesadel 1992b, 1997b) have shown that Engmo timothy 
(when not followed by unusually severe winters), and sub-
arctic-adapted Kentucky bluegrass strains, tolerate more fre-
quent utilization. Their growth form, unlike smooth brome-
grass, retains functional basal leaves after more frequent graz-
ing or harvesting. The basal leaves of plants of that growth 
type continue uninterrupted photosynthesis. Thus, to initiate 
new growth, such plants are not obligated to draw heavily 
upon stored reserves (a weakening process) as is bromegrass. 
In fact, the basal-leaf abundance of Engmo and Kentucky 
bluegrass is benefited by more frequent utilization than bro-
megrass can tolerate; with only two harvests per year the 
basal leaves of Engmo and Kentucky bluegrass become 
overly shaded and thus less functional. 
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The prospect emerges from these findings of combining 
the three most-preferred grasses together in a mixture with 
the aim of combining the various attributes of those species. 
However, such a course would require additional work to 
devise desirable proportions of each (seeding rates), and to 
determine how the mixture (and individual components) 
would respond and persist under various schedules and fre-
quencies of utilization. Management of mixed-species pas-
tures is more complex than for a single species. 
Effects of Selective Grazing on Vegetational 
Change in Mixed Stands 
Rogier ( 1944) stated: "When cattle are first turned onto a 
(mixed species) pasture the preferred species will be closely 
grazed. As the season advances those grasses that are less 
palatable become more prevalent and those most palatable 
less prevalent. When this occurs, the diet then changes to 
less palatable species." 
In a similar vein, Ivins ( 1955) related: 'That palatability 
differences exert a long-term effect on the stability of a sward 
is generally agreed ... " Similarly. Heady ( 1964 ), Jones ( 1952 ), 
and Marten ( 1970) cite studies that also concluded that over-
grazing of the most palatable grasses results in their stand 
losses in mixtures. Thus, in mixed-species pastures, palat-
ability differences can result in over-use to the detriment 
and gradual elimination of heavily grazed species (Hurd and 
Pearse 1944; Springfield and Reynolds 1951 ). Those spe-
cies gradually thinned or eliminated within a mixed stand 
have been called "decreasers". In contrast, the less palat-
able, less-grazed, and thus less-pressured species (or those 
which by growth type are better able to withstand close graz-
ing) become more prominent (="increasers"). 
Two instances of such species shifts have been recog-
nized in Alaska, one ascribable to disparate growth types, 
the other to palatability differences. On Kodiak Island. cattle 
grazing pressure has virtually eliminated bluejoint 
(Calamaf?rostis canadensis) from many range areas that were 
formerly dominated by that species, and it has been sup-
planted by hairgrasses (Deschampsia spp.) and fescues 
(Festuca spp.) (Klebesadel and Laughlin 1964 ). 
The tall-growing bluejoint tends to be totally defoliated 
when grazed; it then must draw upon stem-base/root reserves 
to regrow, for leaf removal halts photosynthetic activity. Thus 
over time it becomes weakened and so is less tolerant of 
sustained grazing pressure. In contrast, the increaser species 
that have supplanted bluejoint have an abundance of basal 
leaves for ongoing photosynthetic activity, even under mod-
crate grazing pressure; they are thus favored and have be-
come dominant. It should be noted that stands of native 
bluejoint can remain vigorous if harvested only once or twice 
per year, but then only if supplied annually with adequate 
levels of complete fertilizer (N+P+K), similar to the needs 
of other forage grasses (Kiebesadel 1965, 1994b). 
In local permanent and semi-permanent pastures, the ap-
parently unpalatable (certainly ungrazed) foxtail barley (Hor-
deumjubatum) sustains no defoliation pressure. Accordingly, 
it heads abundantly, maturing much seed that, due to stiff, di-
vergent awns, is easily wind-scattered and thus gradually as-
sumes a more dominant presence in such pastures (Klebesadel 
1983). Only mowing such pastures before seed is produced 
can thwart foxtail barley's spread by seed dispersal. 
Formulating a Full-Season Pasture Program 
Although the planning and implementation of complete pas-
ture-management systems in Alaska must be formulated to fit 
each operator's specific needs, and they lie beyond the scope of 
this report, certain points might be raised for consideration. 
The herbage yields on 30 September for grasses pre vi· 
ously grazed three times during 1975 (replicates I and II) 
were very low (Fig.2), even though grasses had a full seven 
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weeks for regrowth. Similar poor late-season productivity 
of five species of perennial grasses in a fourth cutting in late 
September (following a third cutting in mid-August) at this 
station has been reported earlier (Klebesadel 1992b). 
For best stand health, that late-season growth of peren-
nial grasses should not be grazed or harvested anyway, un-
less the stand is to be terminated. During the latter portion of 
the growing season, perennial grasses de-emphasize aerial 
growth, diverting photosynthesis product into stored food 
reserves (Smith et al. 1986). Perennial, tall-growing grasses 
need that leafy growth in place during all of September and 
prior to freeze-up for photosynthetic activity and restora-
tion of stored food reserves to permit good winter survival 
and vigorous growth the following spring. 
Annual ryegrass can serve well to extend the pasture sea-
son through September and early October thus providing a 
needed rest and recuperation period for perennial grasses. In 
contrast to perennial grasses, annual rye grass grows actively 
during the latter portion of the growing season, produces high 
yields of leafy, nutritious, and palatable herbage (Brundage 
and Branton 1967; Klebesadel 1968; Mitchell 1984). It re-
quires no winter-preparation period since it is an annual; 
thus it can be grazed intensively during September and Oc-
tober. Growing-season management procedures, including 
mid-season harvest dates to obtain abundant, non-heading 
late-season growth for pasture or green--chop utilization have 
been reported (Klebesadcl 1968). 
At the beginning of the growing season, winter rye, planted 
in late summer of the previous year, can provide useful early 
pasture in advance of the availability of grazable growth on 
perennial grasses (Kiebesadel 1969b). Such early winter rye 
pa~ture can be grazed heavily as the stand logically would be 
destroyed by tillage to plant a different crop when perennial-
gra~s herbage becomes usable. Rohweder and Albrecht ( 1995) 
note: "When (perennial) pastures are grazed too early, produc-
tivity of forage plants is lowered by premature leaf removal." 
As pointed out by others (Matches and Burns 1995; 
Rohweder and Albrecht 1995) incorporation of pastures into 
an overall efficient and adequate forage program requires 
and effectual combination of skillful management and use 
of desirable species. 
CONCLUSIONS 
Much of what is "known" about reasons for grazing prefer-
ence and herbage palatability necessarily remains conjectural 
and informed guesswork. Observations, patterns, analyses, and 
other results form a considerable volume of research literature. 
If all of those findings contributed toward uniform consensus 
on the subject, it would now be well understood; unfortunately, 
many study results contradict findings in others. 
In the present study, little in the way of correlative asso-
ciations between herbage characteristics and grazing prefer-
ence can be established; that failure may be due in part to the 
fact that virtually all of the above-ground plant growth was 
harvested to determine succulence and digestibility while 
only the mostly leafy upper portions of plants were grazed. 
The one solid conclusion is a generally consistent ranking of 
grasses for grazing preference at all grazing sessions and in 
both years. 
Dairy stock showed strong and relatively consistent dif-
ferences in preferential grazing among the seven northern-
adapted perennial grasses. Total cow-minutes grazing time 
over 12, two-day pasturing sessions over two years ranked 
the grasses for relative grazing preference as follows: Polar 
bromegrass > Engmo timothy= Nugget Kentucky bluegrass 
> Arctared red fescue= Siberian wildrye >Garrison creep-
ing foxtail = arctic wheatgrass. 
Ranking of the four major cultivated grasses agreed well 
with several other grazing-preference studies; in those bro-
megrass and timothy usually ranked high, Kentucky bluegrass 
often intermediate, and red fescue intermediate to low, also. 
On the basis of results in this study, the two native grasses 
are unlikely candidates for pasture use. Their subarctic ad-
aptation, excellent winterhardiness when not harvested more 
frequently than twice per year, and very good seed-produc-
tion capabilities (Klebesadel 1969a, Klebesadel and Helm 
1992) may suit them for other practical uses in the North. 
The excellent productivity and winterhardiness of 
Arctared red fescue and Garrison creeping foxtail are offset 
for pasture purposes for dairy cattle by their generally nega-
tive grazing preference. Those grasses, too, can and do serve 
well in other avenues of use. 
Smooth bromegrass ranked first in grazing preference. 
However, as noted in earlier studies that species is difficult 
to utilize efficiently for grazing. If the rapidly developing 
first growth in late May I early June is not grazed heavily, it 
soon becomes tall and poorly suited for grazing. If, on the 
other hand, intensive grazing or machine harvest in early 
June removes the growing points as those shoot apices be-
gin movement upward inside the culms, growth tends to cease 
generally until new basal tillers begin to elongate; this pha-
sic initiation of new growth from tillers occurs normally in 
late June I early July. Brundage and Sweetman (1964) found 
that neither irrigation nor nitrogen fertilization could hasten 
that development of new basal tillers. 
The slow regrowth of bromegrass after early June defo-
liation, the need for a constant supply of pasturage, the more 
rapid regrowth of Nugget Kentucky bluegrass, and the good 
grazing preference and excellent winterhardiness of both 
suggests that separate stands of both, or a pasture mixture of 
the two may have merit. Although Nugget was the Kentucky 
bluegrass evaluated in this study, that relatively short-grow-
ing cultivar was selected primarily for turf use. Another study 
(Kiebesadel 1992b) that evaluated 12 subarctic-adapted 
strains of Kentucky bluegrass, revealed that several, and some 
taller-growing, were about as winterhardy as Nugget and 
capable of producing three to over four tons of oven-dry 
herbage with four cuttings per year. Further evaluations of 
such strains for grazing preference, and for use alone or in 
mixtures, could be informative and potentially very useful. 
Engmo timothy, for its good palatability and digestiblity, 
reasonably good winterhardiness, and tolerance of more fre-
quent harvest than bromegrass (Kiebesadel I994b, 1997b; 
Klebesadel and Helm 1986) could be a logical third element 
in a mixture for pasture or green-chop purposes. Such a 
three-grass mixture should be investigated for relative rates 
of seeding, growth compatibility, and general performance 
under different management scenarios. 
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